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CHAPTER I
THE PROBLEM AND RELATED LITERATURE
I.

INTRODUCTION

From the earliest days, workers in respiratory physio
logy have commented on the approximately linear relationship
between pulmonary ventilation and oxygen consumption.

Such

investigators as Durnin and Edwards (5)» Passmore (11), and
Malhotra (9), among others, have noted this relationship.

They

have stated that during light and moderate exercise, when
pulmonary ventilation is normally less then 50 liters per
minute, the oxygen consumption of any one individual is
directly proportional to his pulmonary ventilation.

The range

where the relationship is linear covers the great majority of
everyday activities, including most forms of even quite heavy
work.

Within this range it ought to be possible to predict

energy expenditure by measurement of ventilation alone.

Most

field surveys to determine the energy expenditure of a number
of separate individuals make use of indirect calorimetry.
Many analysis of expired air are required and these inevit
ably limit the extent of such investigations.

Elimination

of, or reduction in, the number of these estimations would
allow expansion of such surveys.
II.
Statement of the Problem.

THE PROBLEM
It was the purpose of this
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study to Investigate the effectiveness of pulmonary venti
lation as a predictor of energy expenditure of selected
subjects while performing various tasks.
Basic Assumptions.

The following assumptions were

basic to this study:
1.

The conditions of the study were adequately severe

to produce characteristic energy expenditures In the sub
jects while they performed the desired tasks.
2.

The five minute work period which the subjects

completed before actual testing was sufficient to produce
a steady state of energy expenditure; and that the two minute
period during which test samples were taken was a true test
of the energy expenditure.
Definition of Terms.

The following terms were defined

as they were used within the study:
1.

Energy Expenditure,

The energy expenditure was

indicated by the liters of oxygen consumed per minute by a
subject while performing a specific task.
2.

Pulmonary Ventilation,

Pulmonary ventilation was

defined as liters of gas expired per minute, reducted to standard
temperature and pressure dry,
3.

Oxygen Consumption.

Oxygen consumption Is the gross

amount of oxygen consumed In liters per minute.
Limitations of the Study.

The following limitations

must be taken Into consideration:
1.

Due to the number of measurements necessary In this

3
study. It was necessary to limit the number of subjects to
four male college students 22-25 years of age,
2,

The only analysis Involved In the study was the

oxygen consumption of the subjects and their ventilation
rate while walking on the treadmill and while doing selected
tasks,
3.

The inability to control psychological variables

may have had some influence on the obtained results,
III.

REVIEW OF RELATED LITERATURE

Margaria (10), in a large series of experiments on four
subjects walking and running on a treadmill, calculated the
relationship between pulmonary ventilation and caloric con
sumption,

The composite equation for the results of these

four subjects was found to be Cal, = -0.4 -0,20 V, where V
is the ventilation in liters per minute,
Sartorelli

(12), conducted a study in which pulmonary

ventilation and energy expenditure in open circuit were
measured during work at different intensity (walking on the
treadmill at different speed and inclination) on 10 normal sub
jects 18-25 years old and on 14 normal subjects 40-62 years
old, for a total of 316 determinations.
The experimental data showed an excellent statistical
correlation between the values of energy expenditure and of
pulmonary ventilation under work and made it possible to
define the following formulas.

The first formula was con

sidered valid for normal young subjects and for values of

k
energy expenditure ranging from 1,5 up to 8 calories per
minute,
1.

Energy expenditure = 0,2615 - 0.2041 x
pulmonary ventilation BTPS (as llt/mln,)

2.

Energy expenditure = 0,3761 - 0,2087 x
pulmonary ventilation BTPS (as llt/mln,)

Using these formulas It was deemed possible to
calculate the values of energy expenditure under work from
the corresponding values of pulmonary ventilation.

Prom a

practical viewpoint both these formulas were reduced to a
single and simpler one, valid for both young and adult sub
jects:
3.

Energy expenditure = 0,20 x pulmonary ventilation
BTPS (as llt/mln,)

D u m l n and Edwards (5)» who have also been Interested
In the usefulness of pulmonary ventilation as a measure of
I
energy expenditure, have suggested that there Is a fairly
large Interlndlvudual variation.

Therefore, the use of a

common regression line and equation for all the subjects
could result In a considerable error when applied to an
individual,

A separate regression equation of the form

Energy Expenditure = a — Pulmonary Ventilation where the
regression line passed through the origin was therefore cal
culated for each subject using the two variables pulmonary
ventilation and energy expenditure.

In order to keep the

error to reasonable proportions, six points were taken as
a convenient and minimum number.

These six points may be

taken either over the whole range of activity In each subject
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or all six points may be at the upper end or lower end of
the range.

It was suggested that the former method gives a

more accurate regression line.

It was reported that the

relationship between ventilation and energy expenditure is
only linear when the ventilation fall approximately between

15 and 45 liters per minute.
They also concluded that an error of five to ten per
cent in a field survey of energy expenditure is not of great
practical importance.

Indeed, the error due to the use of

ventilation as an index of energy output may well be less than
this since, with the elimination of all except six gas analyses
for each individual subject» more measurements of pulmonary
ventilation may be made with ease,
Ford and Hellerstein (9), pointed out that each individ
ual

should be treated separately because of a wide inter

individual variation in the value of the constant of pro
portionality,

They also concluded that at values beyond 70

liters of ventilation, the energy expenditure tends to flatten
out and is less than the predicted value.

Two disadvantages

are presented that should receive consideration in the establish
ment of individual regression lines and equations.

First of

all, as many gas analyses are needed to establish a good line
as may be required for the full study (5 to 10) so that no saving
is accomplished, and, secondly that because of the method
proposed for determining the regression line (passing through
zero), the estimate is most faulty at the low levels of energy
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expenditure found In ordinary working activities, 1,5 to
3.5 calories per minute.

For this reason, It was felt that

It would probably be more accurate not to use the origin as
a point but another position to the right along the abscissa,
calculated from the dead space and the number of respirations
per minute,
Karpovich (8) points out that a linear relationship
between the minute-volume of lung ventilation and the rate
of oxygen consumption has been well establlshedo

This re

lationship Is true, not only during work but also during re
covery after work*

Thus, the Intensity of an activity with

a normal load may be roughly appraised by measuring the
corresponding lung ventilation rate.

With an overload, this

proportionality Is disrupted, and ventilation Increases In
excess of the oxygen consumption Increase,
Sharkey (14), In a comparison of physiological relation
ships In static and phasic exercises, observed that the
ventilation rate was closely related to the oxygen uptake
In both static and phasic work.
Bobbert (2) conducted a physiological comparison of
cycling, cranking, and walking, using In all experiments the •
same subjects and methods.

He tested the relationship between

ventilation and work load In cycling and cranking and Inter
relations between ventilation and oxygen consumption for the
three types of ergometry.

It was found that when performing

the same work loads there Is always a higher ventilation In
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cranking as compared with cycling and walking.

In cycling

and cranking energy expenditure Increases with work

load,the

energy expenditure being always higher In cranking.

Con

cerning the relationship between ventilation and oxygen con
sumption, It was found that ventilation increases curvllinearly
with rising oxygen consumption.
Bobbert (2) Indicated that there was a relative hyper
ventilation In cranking as compared with cycling and walking
with the same levels of oxygen consumption.

This hyper

ventilation In cranking has also been observed by others.
the present It cannot readily be explained.

At

CHAPTER II
METHODS AND PROCEDURES
I.

SUBJECTS

Data was collected on four male subjects who were
enrolled In a professional physical education class at the
University of Montana, and who had participated in inter
collegiate athletics*

Physical characteristics are shown

in Table I,
TABLE I
PHYSICAL CHARACTERISTICS

Subj ects

Height in
inches.

Weight in
pounds

Age in
years

B.B.
R.S*
L.P.
J.L.

70 *
73
71
70

177
185
193
200

22
21
22
25

MEANS

71.25

188.75

22.5

II.

EQUIPMENT AND APPARATUS AND THEIR USE

Treadmill*

The treadmill had a walking surface three

feet wide and eight feet long*

The inclination of the tread

mill was set by manipulating a hand winch located at one end.
Any grade between zero per cent and 50 per cent could be set
during the process of testing.

The speed of the treadmill,

which was adjusted by varying the drive belt tension, was
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recorded on a speedometer which was calibrated in yards per
minute,

Karpovich (8) gives several reasons for using the

treadmill, the main being:

1,

it allows the use of natural

motions, such as walking and running;

2,

the subject works

against a natural load— his own weight; and 3*
.Is required to keep the pace,

no attention

A diagram of the treadmill

is shown in Appendix A.
The treadmill was used during the preliminary testing
in an attempt to establish regression equations, whereby pre
diction could be possible.

Each of the four subjects was

tested on the treadmill at six varying grades of inclination,
(0, 4, 6, 8, 10 and 12 per cent), with the speed of the tread
mill held constant at‘three^and one-half miles per hour,

Dumin

and Edward S'“fS) pointed out that six varying points were
sufficient to establish a regression equation.

The sequence

of tests was determined from Walker and Lev’s (l6) table of
random numbers.

The testing sequence is shown in Table II,

During the selected task phase of the study, the
treadmill, in conjunction with a static contraction activity,
was utilized.

The subjects, while walking on the treadmill

at a two per cent grade, carried a twenty-three pound dumbbell
which was held in the hands with the forearms at right angles
\

to the subject’s body.

The speed of the treadmill was held

constant at three and one-half miles per hour.
Illustrates this activity.

Figure (1)
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TABLE II
SEQUENCE OF TREADMILL GRADES

Subj ects

1st
Testing
Period

2nd
Testing
Period

1
2
2
4

4
4
3
2

L.P.
B.B.
R.S.
J.L.

4th
5th
6th
3rd
Testing Testing Testing Testing
Period Period Period Period
5
1
6
1

3
3
4
6

6
6
5
5

3 = 6^
4 = 8^

1 = OJÈ
2 = 4#
Bicycle Ergometer.

2
5
1
3
5 = 10#
6 = 12#

The ergometer was constructed from

the frame and front wheel of a girl’s bicycle which was mounted
on a wooden frame to give it support.

Woven between the spokes

was a one and one-half inch wide strip of one-eighth inch
plumber’s sheet lead which provided the inertia required
for smooth operation.

Having removed the front tire, the

cavity of the rim was built up with adhesive tape.

The tape

was wound tightly in the direction opposite to normal rotation,
to prevent loosening.

A one inch fabric friction belt was

attached to a spring scale mounted on the wooden frame, and
was passed over the front wheel where tension was provided
by an adjustable weight.

The friction surface was freely

dusted with talc to prevent sticking.
The bicycle ergometer was used only during the selected
task phase.

The purpose of this phase was to determine the

effectiveness of the established regression equations that
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were developed during the preliminary testing on the tread
mill,

The ergometer was used under two different testing

activities, cycling and hand cranking.

These are described

below:
In cycling the ergometer, the subjects pedaled at a
rate of ninety-two revolutions per minute.

A metronome, placed

in front of the ergometer, was used to help the subject main
tain the selected rate.

The adjustable tension weight was

adjusted to provide a resistance of 6200 foot-pounds per
minute.

Figure (2) illustrates this activity.
The bicycle ergometer was mounted on a table (Figure (3)

in order to accomplish the activity of hand cranking.

The

subject, sitting on a stool, reached forward to crank the
pedals at a rate of ninety-two revolutions per minute, in
dicated by a metronome placed in front of the ergometer.

The

work was reduced to 2000 foot-pounds per minute by decreasing
the amount of weight at the end of the friction belt.
III.

AIR COLLECTION AND SAMPLING EQUIPMENT

Collection of Sample.

The open circuit method for the

collection of expired air was used.

The subjects breathed

through a Collins plastic two-way J-Valve fitted to a face
mask.

The expired air traveled through a system of rubber

tubing to a 200 liter Douglas Bag which was attached to a
backpack carried by the subject (Figure 4).
the valve was as follows:

The operation of
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foxmlng^itat!c";ork
the subjects body.
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FT

r

Figure 2. The subject is shown pedaling the bicycle
ergometer at ninety-two revolutions per minute.
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w

Figure 3* The subject is shown performing the activity
hand cranking the bicycle ergometer*
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1.

During the first part of the test, the expired air
was allowed to flow through the first extension of
rubber tubing and out Valve 1 mounted between the
face mask and the Doublas Bag.

This flushed out

the dead air space up to the Douglas Bag.
2.

At the end of the five minute work period, an assist
ant turned Valve 1 to direct the expired air into
the Douglas Bag,

This was the beginning of the

two minute collection period,
3#

Upon completion of the two minute collection period.
Valve 1 was turned to allow the expired air to again
pass to the outside.

At this point, the air ex

pired during the collection period was sealed in
the Douglas Bag.
Measurement of Sample.

After the air had been collected

in the Douglas Bag, it was thoroughly mixed and then a sample
for analysis was drawn into a Bailey Bottle by displacement
of mercury.

The expired gas was thon transferred into a gaso

meter for measurement by connecting the first section of rubber
tubing to a three-way valve leading to the gasometer inlet
(Figure 5)*

Extra weight was hung on the counter weights of

the gasometer creating a vacuum into which the air from the
Douglas Bag flowed,

A meter stick attached to the gasometer

indicated the height that the gasometer bell rose due to the
volume of the expired air.

The volume of the air was obtained

by multiplying the number of centimeters the bell rose times
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■fliwiii

r

Figure 4. The subject is shown wearing the air
collection equipment*
nr-

Figure 5* Shown Is the Douglas Bag, Bailey Bottle, and
gasometer which were used for the measurement of the collected
gas.

17.
a constant factor of the gasometer (5.158).

The temperature

of the gas was obtained from a thermometer located within
the gasometer bell,
IV.

GAS ANALYSIS EQUIPMENT

Scholander Gas Analyzer,

The Scholander method of gas

analysis was used to determine the per cent of oxygen and
carbon dioxide in the expired air.

In this technique, a

small per cent of the gas sample is introduced into a reaction
chamber and is balanced by means of an indicator drop.

Oxygen

and carbon dioxide absorbing fluids can then be introduced
to absorb the gas without changing the liquid content of the
system.

Mercury is admitted into the reaction chamber to

compensate for the loss of volume due to the absorption of
gases.

The accuracy of the Scholander method has been found

to be adequate for all ordinary respiratory work#
The per cents of carbon dioxide and oxygen were com
puted by using formulae prescribed by Scholander (13)*

These

are shown below:
Vi - Vg
= per cent of carbon dioxide.
"VI
Vg “ V q
_______ = per cent of oxygen.
Vl
Volume of
Vg = Volume of

air sample.
air sample less

Vo = Volume of air sample less
and oxygen.

carbon dioxide.
carbon dioxide
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Standard for Acceptance.

Each analysis had to meet

certain standards before it could be considered acceptable.
Successive analysis had to be within plus or minus ,1 per
cent of each other for oxygen content, and within plus or minus

*05 per cent of each other for carbon dioxide content.

Also,

at the end of each analysis the micrometer had to come within
a plus or minus ,005 millimeters of the machine zero,
"'Computation of Energy Expenditure,

Energy Expenditure

was expressed as liters of oxygen consumed per minute of
work.

The true oxygen, true carbon dioxide, the respiratory

quotient, and the oxygen consumption were computed according
to formulas presented by Consolazio, Johnson, and Pecora (3),
and through the use of charts,
V,

TESTING PROCEDURES

During the preliminary testing, the subjects were pre
trained In the use of the treadmill and the air collection
equipment; after which, they were tested at six varying
grades of Inclination at a speed of three and one-half miles
per hour.
During the field testing, each subject was pretrained
In the use and operation of the bicycle ergometer, walking
on the treadmill while performing static work, and the use
of the air collection equipment; after which, they were tested.
The following testing procedures remained constant
throughout both phases of testing:
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1.

Upon arrival

at the testing area, each subject

rested for a period of fifteen minutes to Insure
a resting state.

During this time the subject

filled out a dally chart asking for any Informa
tion which might alter the results.
2.

Each subject
(a)

Appendix B.

was responsible for the following:

No subject shall eat or drink three hours
prior to the testing period.

(b)

All physical exercise twelve hours prior to
the testing period shall be reported.

(o)

Any felt psychological stress shall be reported
before the beginning of the testing period.

3.

At the end of the fifteen minute rest period, the
subject began work on the treadmill at one of the
predetermined grades or began work with one of the
selected tasks for a period of five minutes.

At

the conclusion of the work period, the expired air
was directed Into the Douglas Bag.

For the mani

pulation of the valves, refer to "Air Collection
and Measurement Equipment".

This was the beginning

of the two minute collection period.
4.

At the conclusion of the two minute collection period,
the subjects stopped work and was allowed to leave
the testing area.
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5#

The expired air was then thoroughly mixed, a
sample was withdrawn for later analysis of oxygen
and carbon dioxide

content, and an accurate measure

ment of the volume was taken.
6,

The temperature of

the expired gas was obtained

from a therometer located within the gasometer.
7,

The barometric pressure was determined with an
aneroid barometer.

8,

All volumes were corrected to STPD
Temperature and Pressure Dry).

(Standard

CHAPTER III
ANALYSIS AND DISCUSSION OF RESULTS
I.

ANALYSIS OP RESULTS

Method of Prediction»

In order to be able to predict

the energy expenditure of each subject from his ventilation
rate, regression equations had to be established.

Appendix

C shows the collected data from which each Individual regression
equation was developed; while Appendix D shows the data
collected during the selected tasks.

The following procedures

as described by Alder and Roessler (1) were considered In the
development of these equations;
1,

The line Yg = a + bX which has been fitted to a
set of ”n ” points (X, Y) by the method of least
squares Is called the line of regression of Y on
X or the line of prdlctlon for Y

2.

b was determined from the following equation:
b.

£XIt i n V i -----

- n
X = Ventilation rate of subjects In liters per
minute.
Y = Oxygen consumption In liters per minute,
n = Number of trials
3.

a was determined from the following equation;
a = Y - bX
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4.

In order to graph the line of regression, the
value was determined for the two extreme X values;
after which, these two extremes were connected by
a straight line.

5.

The correlation coefficient for oxygen consumption
and ventilation rate was determined from the follow
ing equation:
( £X )
r =

V

£XY ^x2-

(jgY)
n
n

n

The Individual regression lines, regression equations,
and correlation coefficients are shown In Figure 6,
Method of Analysis.

By finding the difference between

the predicted oxygen*consumption and the actual oxygen con
sumption of the selected tasks and dividing this difference
by the actual oxygen consumption. It was possible to deter
mine the per cent error that existed between the predicted
values and the actual values.

The per cent errors of each

activity were then tested by .the one-way analysis of vari
ance.

The hypothesis tested was that there were no differences

between the means of the per cent error of each activity.
Comparison of Predicted and Actual Oxygen Consumption.
As one would expect, the data collected at the six per cent
grade, which was among that used for developing the Individual
regression equations, showed the least amount of error, which
ranged from a high of 4.88 per cent to a low of .2? per cent
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with a mean of 2,11 per cent error.

The mean ventilation

rate for this activity was 42.62 liters of air expired per
minute,

(Table III).
Table III
TREADMILL WALKING AT A SIX PER CENT GRADE
Predicted
Oxygen
Consumption

Actual
Oxygen
Consumption

Subjects

Ventilation
Rate

L,P,
B.B.
R.S.
J.L,

39.43
51.79
40.32
38.92

2.660

2,622
2.667

2.192
2.349

2.249
2.333

42.62

2.425

2.468

Mean

2,500

Per Cent
Error
4,88

.27
2,50
.68
2.11

Treadmill walking while doing static work had the next
to the lowest per cent error.

Again, one would suspect this

might be due to similarity of activities.

The per cent error

between the predicted and the actual oxygen consumption ranged
from a high of 19.55 per cent to a low of 3.43 per cent with
the mean of 11,92 per cent error for the over all activity.
It Is Interesting to note that In two cases, B,B. and R.S.,
there was a per cent error of above 19.00 per cent; whereas,
the other two subjects had per cent errors below 5.50 per cent
The mean ventilation rate for this activity was 49.66 liters
of air expired per minute,

(Table IV),

The activity of cycling produced to 45.92 liter of air
per minute with a mean ventilation rate of 42,01 liter of air
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Subject L.P

Subject B.B.

607 + . 0 4 8 X
95 9

80

8 0 ,-

r

=

. 0 7 0 + . 0 5 OX

= .996

60

I

40

g
S

40

A4

I

g

20
LA— J
2.0

3.0

47Ô

2.0

Subject R.S.
80p
i

B

M

§

Ye = . 4 5 8 + . 0 4 3 X
r
= '.9 9 4
^

80

3 .0

4 .0

Subject J.L
325 + .05 2X
993
y

60-

40 -

20

20L

2.0

3.0

4.0

OXYGEN CONSUMPTION :

2.0

3 .0

LITERS- PER MINUTE

Figure 6# Individual regression lines and equations.
Actual oxygen consumption for treadmill slopes
Actual oxygen consumption for cycling
Actual oxygen consumption for cranking
Actual oxygen consumption for treadmill and static work
Actual oxygen consumption for treadmill walking at six
per cent grade
Ye= Predicted oxygen consumption in regression equation
r : Coefficient of correlation for oxygen consumption and
pulmonary ventilation

X
C
K
S
fi

=
=
=
=
=
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expired per minute.

The range of per cent error for this

activity Is Illustrated by R.S.*s 18 .63 per cent error and
L.P. *8 8.3^ per cent error.

The mean of the per cent errors

for the activity of cycling was 12.55 per cent,

(Table V)

Table IV
TREADMILL WALKING AND STATIC CONTRACTION

Subjects

Predicted
Oxygen
Consumption

Ventilation
Rate

Actual
Oxygen
Consumption

Per Cent
Error

L.P.
B.B.
R.S.
J.L.

39.64
41.82
41.40

2.325
2.052
2.256
2.478

2.452
1.657
1.815
2.393

19.25
19.55
3.43

Mean

49.66

2.278

2.079

11.92

35.79

•

5*^6

Table V

CYCLING ON THE BICYCLE ERGOMETEH

Subjects

Ventilation
Rate

Predicted
Oxygen
Consumption

Actual
Oxygen
Consumption

Per Cent
Error

8.34

41.77

2.675
2.366
2.061
2.497

2.452
2.476
1.677
2.139

8.88
18.63
14.34

42.01

2.400

2.211

12.55

L.p;
B.B.
R.S.
J.L.

43.09
45.92
37.27

Mean

The activity of hand cranking produced the greatest per
cent error between the predicted oxygen consumption and the
actual oxygen consumption.

The per cent error ranged from
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1084 per cent to 25*52 per cent with the mean of 18,84 per
cent error.

The ventilation rates for the activity of hand

cranking ranged from a high of 50.61 liter per minute of a
low of 33*54 liter per minute with a mean of 39*91 liter of
air expired per minute for this activity,

(Table VI)

Table VI
HAND CRANKING THE BICYCLE EHGOMETER

Subjects

Ventilation
Rate

Predicted
Oxygen
Consumption

L.P.
B.B,
R.S,
J *L,

36.39

50.61

2.601

33.54
39.09

1.900
2.358

Means

39.91

2.304

2.355

Actual
Oxygen
Consumption
1.754
2.156
1.694

Per Cent
Error

25.52
17.11

1.876

10.84
10.44

1.870

18.84

Due to the rather large mean differences of the per
cent errors, from a low of 2,11 per cent for treadmill walk
ing to a high of 18,84 per cent for hand cranking, a signifi
cant ratio was shown; therefore. It was concluded that there
was a difference between the means of the per cent error of
each activity,

(Table VII)

In order to find wherein this"significant difference
was located a Hartley Test (15) was carried out.

In an

examination of the results. It was evident that the significant
difference was between the activity of treadmill walking while
performing a static contraction with the arms and walking at
the six per cent grade,

A significant difference was also

27
Table VII
ANALYSIS OF VARIANCE FOR PER CENT ERROR OF PREDICTION

Source

Sum of
Squares

Trials
Subjects
Interaction
Total

551*828
20.511
>*03.605
975.944

Degrees of
Freedom
3
3
9
15

* Significant at the ,0^ level

Mean
Squares

F
Ratio

183.943
6.837
44.845
P.95 (3,9) =

4.102^
.152

3.860

confidence

fotind between the activity of treadmill walking at a six per
cent grade and the activity of hand cranking the bicycle
ergometer.

(Table VIII)
Table VIII

HARTLEY TEST FOR LOCATION OF SIGNIFICANCE

Treatment

X

Hand Cranking

18.84

Cycling

12.55

Static Contraction

11.92

X-2,11

X-11.92

X-12.55

16,73*
(12.08)
10.44
(10.80)
9.81*

6.92
(10.80)
0.63
(8.75)

6.29
(8.75)

2.11

Treadmill Walking

* Significant at the ,0^ level of confidence
II.

DISCUSSION OF RESULTS

In an evaluation of the results of the study, one can
readily see that the more related the selected activities
are to the preliminary activities that are used for the
development of the individual regression lines and equations,
the more accurate will be the predictions of the true energy
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costs.

This was Indicated by the selected tasks of tread

mill walking at a six per cent grade, which had a mean of per
cent error of 2.11, and the activity of treadmill walking
while performing static work, which had a mean per cent
error of 11.92.

In the per cent error for the related tasks

was much lower thanthe completely unrelated activity, hand
cranking, which had a per cent error of 18.84- per cent.
H t was Interesting to note the variability of per cent
error within each activity.

Treadmill walking while per

forming a static contraction had the greatest variability of
prediction which ranged from a high of 19.55 per cent error
to a low of 3.^3 per cent error.

The activity of hand crank

ing was close to the activity of static work with a range of
variability from a high of 25-52 per cent error to a low of
10.84- per cent error.

The activity of treadmill walking at

a six per cent grade produced the least amount of variability
of prediction which ranged from a high of 4-.88 per cent error
to a low of .27 per cent error.

Since the data for the six

per cent grade was used In the derivation of the regression
equation, it was expected that It would have the least error.
It was used as a basis for comparison with the less related
tasks.
The Hartley Test (15) Indicated that a significant
difference existed between the activity of treadmill walking
at a six per cent grade and two of the selected work tasks,
treadmill walking while performing static work with the arms
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and hand cranking the bicycle ergometer; whereas, no signifi
cant difference was found between treadmill walking and the
activity of cycling the bicycle ergometer.

In an evaluation

of the four selected activities, one can see that the two
activities that were found to be significantly different, con
sisted of work not only with the leg muscle groups but also
the arm muscle groups; whereas, the two activities of tread
mill walking and cycling, which were found not to be signifi
cantly different, were primarily concerned with only the
muscle groups of the legs.

From this, one might conclude

that activities utilizing the same muscle groups and possess
ing a greater relationship to the activity used for the de
velopment of the individual regression equations will result
in a greater precision' of prediction in the estimation of
energy cost.

CHAPTER I V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
I.

SUMMARY

The purpose of this study was to determine the effect
iveness of pulmonary ventilation as a predictor of the energy
expenditure of selected subjects while performing various
work tasks.

Energy expenditure was defined as liters of

oxygen consumped per minute, while pulmonary ventilation was
defined as liters of gas expires per minute.

The oxygen con

sumption was determined by collecting and measuring the volume
of the expired gas and analyzing the collected sample for the
oxygen and carbon dioxide content.
The prediction of oxygen consumption was made possible
through the use of regression equations which were developed
for each subject from the data collected while walking on
the treadmill at six varying grades of inclination.

The

subjects then participated in the three selected activities
of cycling on the bicycle ergometer ^with a work resistance
of 6200 foot-pounds per minute, hand cranking the bicycle
ergometer with a work resistance of 2000 foot-pounds per
minute (in each of the two above activities the rate of move
ment was ninety-two revolutions per minute), and walking
on the treadmill while carrying a twenty-three pound dumb
bell in a static contraction.

Treadmill walking at a six

per cent grade, which was used in the development of the
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individual regression equations, was included as part of the
predictive activities.

The expired gas was collected, measured,

and analyzed to determine the actual oxygen consumption.

The

predicted oxygen consumption for each of the above activities
was determined through the use of the established regression
.equations.

By finding the difference between the predicted

oxygen consumption and the actual oxygen consumption, it was
possible to determine the per cent error that existed.

The

per cent errors were then tested by a one-way analysis of
variance which rejected the stated hypothesis that there were
no differences between the means of the per cent error of each
activity.

The Hartley test (15) indicated that a significant

difference existed between the activity of treadmill walking
at a six per cent grade and two of the selected work tasks,
treadmill walking while performing static work with the arms
and hand cranking the bicycle ergometer. - Both activities
utilized the arm muscle groups as well as the leg muscle groups;
whereas, the activities of treadmill walking at a six per cent
grade and cycling the bicycle ergometer were concerned only
with the leg muscle groups.
In an evaluation of the results, treadmill walking at •
a six per cent grade had the smallest mean of per cent error.
One would expect this since this activity was a part of the
data used for the development of the individual regression
equations.

However, treadmill walking while performing a

static contraction produced the next to smallest mean of per
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cent error, and another leg exercise, bicycle pedalling, re
sulted In the next largest error, with the activity of hand
cranking the bicycle ergometer producing the greatest per
cent of error.

From this, one might conclude that the

greater the relationship or similarity of the work task to
the activity used for the development of the regression
equations, the more accurate will be the predictions.
II.

CONCLUSIONS
!

The results of the study pointed out the following
conclusions:
1.

There Is a linear relation between pulmonary
ventilation and oxygen consumption within the
limits of this study.

2.

Pulmonary ventilation can be a useful predictor
of energy expenditure If a fifteen per cent error
Is considered acceptable and If a great degree of
relationship exists between the work tasks and the
activity used for the development of the Individual
regression equations.
III.

RECOMMENDATIONS

In view of the findings and conclusions of this study,
the following recommendations are made:
1.

Further research should be conducted under field
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conditions and everyday activities with the
Individual regression equations being developed
from these activities.
2,

It would be of value to test more subjects under
a greater variety of activities covering a wider
range of ventilation rates.
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APPENDIX B
HUMAN PERFORMANCE LABORATORY
Subject

Date

Control Data:
Bdy Wt

Treatment

Rm Temp______ Bar Pr

Rel Hum

Ht_____Resting Pulse
Drink (not H 2O

Last Pood

Oral Temp

B1 Pr
Hrs Sip

Last Ez_

Other
Experimental D a t a :

Ventilation:
Gasometer Factor (GF)
Meter Factor
Conversion factor (derived from bar pr and temp of g as) = CF
post
X GF =

X CF =

/mln. =

VR (L/mln.)

Gas Analysis:
T1

T2

C O 2________

O2

_

RQ

T-O 2

VR

cc02/niln.
/100=
y 100=
/100=
/100=

Comments:

ko

APPENDIX C
RAW DATA FOR TREADMILL WALKING AT SIX DIFFERENT ANGLES

Subjects
L.P.

TS*

RT*

BP*

VR*

RQ*

TO 2*

O 2C*

0#

2I+.5
22.0

680
686

.84

680
668
683
685

6.06
6.52
6.65
6.45
5.26

1.589
2.941

25.0
26.0

26.22
45.10
39.43

6#

B.B.

R.S.

10%
12%

18.5
21.4

0%
H%
6%
6%
10%
12%

18.0
21.0
23.0
28.0
18.5
27.0

0%
li%
6%
8%
10%
12%

25.5
20.0
25.0
21.0

J.L.
6%
8%
10%
12%
*TS =
*RT =
*BP =
*VR =
*RQ =
*T02=
*020=

68?

692
685
668
683

687
686

690

.89
.85
.93

48.91

69.18

1.03

64.33

1.00

5.86

32.99
36.82
51.79
52.70
70.81
69.96

.81
.84
.91

4.90
5.36

1.616

5.15

.88

5.26
5.06
5.15

2.667
2.772
3.544
3.603

23.93
35.94

.74

5.97

.84
.86

5.54

1.428
1.991
2.249

.91
.94

40.32
58.44

26.0 •

681
685
689

63.90

.94
.96

20.0

687

77.58

1.01

20.5

690

26.12
43.19

.78

23.0
26.0

685

669

39.82

23.0

684
687

44.62

26.0
26.0

689

2.622
3.155
3.638
3.769

42.20
77.55

Treadmill Slope
Room Temperature (C^)
Barometric Pressure (mm. of Hg)
Ventilation Rate (Liters/min.T
Respiratory Quotient
True Oxygen
Oxygen Consumption (Liters/min.)

.86
.88
.88
.87

.96

5.58
5.14
5.21
4.71

1.873

3.003
3.329
3.654

5.86
6.13
6.00

1.530

6.25

2.789
2.565
4.265

6 .08

5.50

2.647
2.333

hi

APPENDIX D
RAW DATA FOR SELECTED FIELD TASKS

Subjects

FT*

L.P.

A*
B*
C*
D*

B.B.

R.S.

J.L.

RT*

BP*

VH*

HQ*

TO 2*

OgC*

22.0

675

43.09
45.92

.94
.94

5.56

4.82

2.396
1.754
2.452
2.622

22.0

675
684
680

35.79

25.0

39.43

.85
.85

6.75
6 .65

A
B
C
D

20.0

674
674

45.92
50.61

.85
1.00

5.61
4.26

682
685

39.64

1.06

4.18

23.0

51.79

.91

5.15

2.576
2.156
1.657
2.667

A.
B
C
D

20.0
23.0
20.0

676
667
676

37.27
33.54

1.02

4.50
5.05
4.34

1.677
1.694
1.815

25.0

681

41.82
40.32

.94
1.16
.86

5.58

2.249

23.0
23.0
23.5

676
667
676
669

41.77
39.09
41.40
39.82

.91
.93
.92
.88

5.12

2.139

4.80
5.78

A
B
C
D

20.0

23.0
19.5

26.0

6.00

*FT = Field Tasks
*RT = Room Temperature (C®)
*BP = Barometric Pressure (mm. of Hg)
*VR = Ventilation Rate
*RQ = Respiratory Quotient
‘
**‘T02= True Oxygen
*02C= Oxygen Consumption (Liters/min.)
*A
= Cycling on the Bicycle Ergometer
*B
= Hand Cranking the Bicycle Ergometer
= Treadmill Walking and Static Contraction
*D
= Treadmill Walking at a Six Per Cent Slope

1.876

2.393
2.333

